A defined medium HP6/B used by Christie & Porteous (1962) for the cultivation of a single strain (Wills) of Actinomyces israelii contained sixteen growth factors. By using the quantitative inoculation technique of Christie & Porteous (1960) and a semi-quantitative method for assessing growth it has now been found that the Wills strain will grow in the presence of only five of the sixteen growth factors. These growth factors are : biotin, inositol, nicotinic acid, pyridoxal, riboflavin.
INTRODUCTION
Howell & Pine (1956) described a medium originally devised for the cultivation of Histoplasma capsulatum, which also supported the growth of certain strains of several actinomyces species including Actinomyces israelii. Christie & Porteous (1962) eliminated starch from the original medium thereby converting it to a completely defined medium. Since it was also possible to decrease the nitrogen content of the Howell & Pine medium to about S5y0 of the original value, with a concomitant increase of 27 yo in the yield of organism (Christie & Porteous, 1962) it was decided to see whether the sixteen growth factors present in the Christie & Porteous medium could be decreased in number. An account is given of experiments which elucidated the minimal growth factor requirements of the Wills strain of A . israelii.
METHODS
Organism. The Wills strain of Actinomyces israelii was again used throughout the present work.
Medium. Medium HP6/B (Christie & Porteous, 1962) was selected as the control medium containing sixteen growth factors. Experimental media were prepared by adding selected growth factors to medium HP6/B less all growth factors. Control and experimental media were prepared with ion-exchange water and were dispensed on the same day into replicate tubes and sealed with liquid paraffin (Christie & Porteous, 1962 ' bread-crumb ' or ' cauliflower ' colonies which left a clear supernatant medium were recorded as 'T'; non-coherent, soft, slimy or 'fluffy' colonies were recorded as 'S'. Furthermore, a record was kept of the number of serial subcultures which the organism survived in any one medium. Subcultivation was continued as long as growth occurred, up to a maximum of five serial transfers. No medium was accepted as adequate unless it supported good typical growth of the organism during each of these five serial subcultures. On this method of observation a score, for example, of 1 S 2 indicated that no growth occurred, that the colonies were atypical and that they survived only two serial subcultures; likewise a score of 3T4 indicated that the amount of growth obtained was 3/5 of that in the control medium, that the colonies were typical and survived four serial subcultures.
RESULTS
In the absence of any published information on the growth factor requirements of Actinomyces israelii, initial experiments were designed in a largely arbitrary manner. The slow growth of the organism, and the difficulties involved in securing reasonably uniform inocula during any one experiment, precluded systematic screening tests in media lacking only one growth factor in turn. Table 1 records the results of the initial experiments. Pyridoxamine and p-aminobenzoic acid were not included in this test series on the supposition that any requirement for these compounds would be met by the inclusion of pyridoxal and folic acid, respectively, in the test media. Poor growth, atypical colony appearance and poor survival in serial subcultures went hand in hand and indicated that the combinations of growth factors represented by test media 1-8 in Table 1 did not meet the requirements of the Wills strain of A . israelii. Nevertheless, the organism survived two serial cultures in those media (4, 5, 6, 8) which contained nicotinamide and/or nicotinic acid. Comparison of the results obtained in these media did not indicate a preferential requirement for one or other of these two compounds. The second part of Table 1 records the results of tests of growth factors in other mixtures, most of which included nicotinic acid. Media 9, 11, 12, 14, 16, 18 and 20 provided mixtures of growth factors which satisfied the criteria for an adequate medium mentioned above. Medium 10 suggested a requirement for nicotinic acid in the nutrition of the Wills strain of A . israelii; similarly media 15, 17 and 19 suggested a requirement for inositol. Of the adequate media, medium 20 contained the least number of growth factors of which two (nicotinic acid, inositol) were apparently essential. These two growth factors were therefore incorporated in all subsequent test media and the remaining five growth factors of medium 20 ( Table 2 showed that the mixture of nicotinic acid, inositol, riboflavin, pyridoxal and biotin represented an apparently minimal requirement for strain Wills of Actinomyces israelii. Medium HP6/B modified to contain only these five growth factors was designated H P 9 in conformity with the nomenclature used by Christie & Porteous (1962).
KEY TO TABLES 1 AND 2
Abbreviations for growth factors : N = nicotinic acid, Na = nicotinamide, I = inositol, R = riboflavin, P = pyridoxal, B = biotin, Pan. = Pantothenic acid, F = folic acid, T = thiamine, T.a = thioctic acid, 0 = oleic acid, Pim. = pimelic acid, B,, = cyanocobalamin (vitamin R,,),
Other syrnbob: Each test medium is denoted by a number in the first column.
The only growth factors present in a test medium are those indicated by a + sign.
The symbol a indicates that this growth factor was not added to the medium but that a requirement for it is indicated by comparison of observations on growth in this medium with observations on growth in the medium immediately above in the table.
The symbol b is used in the same sense as a except that comparison should be made with observations on growth in the medium immediately below in the table.
The symbol c is used in the same sense as a except that comparison should be made with observations on growth in the preceding medium but one in the Table. For explanation of symbols in the 'Observations' column, see the text. . + + . 
DISCUSSION
Caution is necessary in interpreting the present results which do not exclude the possibility that inositol alleviated inhibition of growth by some other growth factor or combination of growth factors present in the test media ( Table 1) . Similar remarks apply to the apparent requirement for nicotinic acid (Table 1 ) and, with less force, to the apparent requirement for riboflavin, pyridoxal and biotin ( Table 2) . On the data available the five growth factors nicotinic acid, inositol, riboflavin, pyridoxal and biotin represent the apparent rather than the absolute minimal requirement for Actinomyces israelii strain Wills.
Of the five growth factors apparently required by the Wills strain of Actinomyces isralii, nicotinic acid, riboflavin, pyridoxal and biotin have established biochemical functions and call for no comment, The biochemical function of inositol as a growth factor is unknown; it is well established as a growth factor for many fungi and for many mammalian cell cultures but is not a trace nutrient for any species of the Schizomycetes so far investigated (Knight, 1955) . The apparent requirement for inositol, if confirmed for the Wills and other strains of Actinomyces israelii, would make this species an exception to the general rule since several criteria (Waksman, 1940 Cochrane, 1961) place the Actinomycetes among the Schizomycetes rather than among the Eumycetes.
The unexpectedly simple growth factor requirements of the Wills strain of Actinomyces israelii (Tables 1, 2) probably imply a greater biosynthetic capacity than was suggested by the view current up till 1953 that only extremely complex media would support the growth of A . israelii (Erikson & Porteous, 1953) . Thus the fact that neither coenzyme A (Christie & Porteous, 1962) nor pantothenic acid was required for growth was surprising for a reputedly fastidious anaerobic heterotroph. In the absence of any detailed knowledge of the metabolism of A . israelii the present results may mean either (a) that the organism carries out reactions involving
